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fl BACKGROUND OF THE INVENTION 

5 The present invention relates to test tubes, and in particular to test tubes that include 

machine readable encoded markings to uniquely identify the test tube. 

It is known to apply a marking to a test tube to uniquely identify the test tube. For 
example, PCT Application designated WO 98/05427, published on February 12, 1998 and entitled 
"Test Tube With Optically Readable Coding" discloses a test tube that includes a carrier portion 
1 0 comprising an optically readable coding, such as a dot code. The carrier portion is attached to the 
bottom of the tubular container, which is the main body of the test tube. For example, this PCT 
application discloses that the carrier portion may be fixed to the tubular container by a retaining 
lug or recess, or by being glued, stuck or pressed onto the tubular container. 

A problem with this design is that the carrier portion and the tubular container are 
15 physically separate devices. In use the carrier may become separated from the tubular container, 
which defeats the purpose of providing each tube with identification information. In addition, 
using separate components leads to additional manufacturing costs and complexity. 

U.S. Patent 5,777,303 also discloses employing a carrier portion that is affixed to a test 
tube, and includes an electronic label that comprises an integrated circuit. However, the design 
2 0 disclosed in this patent also has the inherent problem that the carrier portion and tubular portion 
are physically separate devices. 

Therefore, there is a need for an improved test tube that facilitates marking each tube with 
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an identification code uniquely representative of the tube. 
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SUMMARY OF THE INVENTION 

Briefly, according to an aspect of the present invention, a test tube comprises a tube body 
of unitary construction comprising an enclosed sidewall and an integral bottom surface that 
together define a tubular container having an open top. The bottom surface has a concave interior 
surface and a planar exterior surface upon which machine readable data is encoded within a multi- 
layered opaque coating that is deposited onto the planar exterior surface to uniquely identify the 
test tube. 

The machine readable data is preferably an open (i.e., non-proprietary) data matrix code. 
This code is applied to the test tube by first depositing a multi-layer coating onto the planar 
exterior of the tube bottom surface. The multi-layer coating may include a first layer of opaque 
material that is deposited onto the planar exterior surface, and a second layer of opaque material 
of a different color that is deposited onto the first layer. The machine readable code is formed in 
1 5 the multi-layered coating by removing portions of the second layer. 

In a preferred embodiment, the first and second layers of the multi-layer coating are 
applied to the exterior surface by thermal transfer (e.g., hot stamping), and select regions of the 
second layer are removed with a coherent light source (e.g., a laser) to define the machine 

readable data matrix code. 
2 0 These and other objects, features and advantages of the present invention will become more 

apparent in light of the following detailed description of preferred embodiments thereof, as 
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illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a test tube according to the present invention; 
5 FIG. 2 is a cross-sectional illustration of the test tube of FIG. 1 taken along line A-A of 

FIG. 1; and 

FIG. 3 is a cross-sectional illustration of the bottom portion of the test tube of FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

jO FIG. 1 is a perspective view of a test tube 10 according to the present invention. Thetest 

| tube 10 includes a tube body of unitary construction comprising an enclosed side wall 12 and an 
integral bottom surface 14, which together define a tubular container having an open top 16. The 
tube body is preferably plastic (e.g. , polypropylene). 

FIG. 2 is a cross-sectional illustration of the test tube 10 taken along line A-A in FIG. 1 . 
15 As shown, the bottom surface 14 has a shallow concave interior surface 18 and a planar exterior 
I surface 20 upon which machine readable data 21 (FIG. 1) is encoded within an application of 
opaque multi-layered coatings of contrasting colors (i.e., values) to uniquely identify the test tube. 
A human readable alphanumeric coding 22 may also be provided around the periphery of the 

planar exterior surface 20. 
2 o Referring to FIGs. 1 and 2, the enclosed side wall 12 includes a plurality of segments 

having different cross sections. The segments include a flrs. cylindrical sidewall segment 23 
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integral with the bottom surface 14 and a second cylindrical sidewall segment 24. The segments 
also include a truncated conical segment 26 located between the first and second cylindrical 
sidewall segments 23, 24, and having an increasing diameter closer to the open top 16. Notably, 
the segments and the bottom surface form a continuous/unitary structure. 
5 FIG. 3 is an enlarged cross-sectional illustration of the bottom portion of the test tube of 

FIG. 2. The opaque coating of contrasting colors deposited onto the planar exterior surface 20 
is multi-layered. For example, the coating may include a first layer of lighter colored/valued 
material 28 (e.g., white) and a second layer 30 of darker colored/valued material (e.g., black). 
In a preferred embodiment the first layer 28 is thermally transferred (e.g., hot stamped) onto the 
10 planar exterior surface 20, and the second layer 30 is thermally transferred over the first layer 28. 
Select portions of the second layer 30 are then removed with a coherent light source (e.g., laser) 
to define the machine readable data matrix code 21 (FIG. 1). One of ordinary skill will recognize 
that the thickness of the coatings with respect to the tube sidewall thickness is not to scale, and are 

presented for ease of illustration. 
15 The first layer 28 may be a conventional white hot stamping foil (i.e., white pigment on 

\ a carrier foil), while the second layer 30 may be a black hot stamping foil (i.e., black pigment on 
a carrier foil). The first and second opaque layers provide contrasting colors. Therefore, when 
the select portions of the second layer are removed to expose underlying areas of the first layer 
the machine readable data matrix code is provided. 
2 0 x The hot stamping process may utilise use a heated die that is applied to the product with 

^.substantial pressure. In this embodiment th^ heated due may be set-up with a stamping 
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temperature of about 430° F - 520^d 9 stamping pressure of about 20-80 psi with a dwell time 
$ of about 0 5-1.0 seconds. The heated die may be set-up to simultaneously hot stamp a plurality 

f y of test tubes (e.g., ninety-six) . » 

Once the first and second layers have been successfully thermally transferred, the coherent 
5 light source is used to form the data matrix 21 (FIG. 1). The coherent light source may be a Nd 
YAG laser. The coherent light source removes select portions of the second layer 30, while 
leaving the first layer 28 relatively intact to define a machine readable data matrix code. The size 
of the data matrix may be about 3.0 mm x 3.0 mm, and it is preferably an open (i.e., non- 
proprietary) code. The data matrix is a 2-D bar code that provides billions of encoded numbers. 
10 Referring again to FIG. 1, the select portions of the second layer that have been removed 

are illustrated as the white areas (e.g. , 40-42) within the data matrix code 21 . 

Machine readable data and/or human readable alphanumeric data may also be placed on 
the sidewall of the tube. The data machine readable would be encoded within a sidewall opaque 
multi-layered coating, similar to the multi-layer coating on the planar exterior surface 20 (FIG. 
:i 5 1). The data encoded within the sidewall coating is preferably the same as the data encoded within 
the layers on the planar exterior surface of the tube. However, the data encoded on the sidewall 
and the bottom surface of the tube may certainly be different. 

Rather than an opaque multi-layered coatings, it is contemplated that a single coating may 
also be employed. Specifically, the single layer may be an opaque light colored layer that includes 
2 0 a light sensitive pigment which turns dark when struck by light from, for example, a coherent light 
source. In this embodiment the laser is used to turn select portions of the single layer coating 
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darker to establish the machine readable data. It is further contemplated that the second layer 30 
may be deposited as an optically transparent layer that includes a light sensitive pigment which 
turns dark (and optically opaque) when struck by light from, for example, a coherent light source. 
In this embodiment the laser is used to turn select portions of the second layer darker to establish 
5 the machine readable data. 

Although the method of the present invention has been discussed in a preferred 
embodiment wherein the first and second layers are deposited separately, it is contemplated that 
the multiple layers may be superimposed on a common carrier film from which they may be 
transferred simultaneously in a single hot stamping operation. In addition, one of ordinary skill 

10 will recognize that the layers may be deposited by techniques other than hot stamping. For 

r example, alternative techniques for depositing the layers include pad printing, multi-layer offset 
printing and thermal transfer of silk screened multi-layered pigment on a carrier film. In addition, 
the coherent light source is clearly not limited to Nd YAG lasers. It is further contemplated that 
mechanisms other than a laser may be used to remove the select portions of the second layer. The 

15 present invention is clearly not limited to the foils disclosed herein. Any opaque coating 
compatible with the tube material and the selected deposition technique may be used as long as the 
layers are of contrasting colors. 

Although the present invention has been shown and described with respect to several 
preferred embodiments thereof, various changes, omissions and additions to the form and detail 

20 thereof, may be made therein, without departing from the spirit and scope of the invention. 
What is claimed is: 
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